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In the table above, two numbers such as “1 +2 .”  
indicate that one-tenth of the sky wa.s covered by the 
form indicated, and that there is every reason to believe 
that there were two-tenths niore of the smie cloud form 
behind n lower sheet, which at the time of the oh- 
servation actually covers those two-tenths of the sky. 
“oo” indicates that the covering is less than ahout, 7 per cent,. 

It will be noted in certain instances that the totVal sky 
cover esceeds the suni of the individual c.loutl corers iiidi- 
catecl. In these cases, there ma? be two or three f oiiiis cov- 
erin only 5 per cent or less of the skpeach, which altogether 

any one of these forms as covering a tenth of the sky, ill 
order to make the total c.onfornito the total cover. 

wou P cl niake R tenth. It would be inaccurnhe to drsign:lte 

THE REFLECTING POWER OF CLOUDS. 

By L. B. ALDRICH. 
(Smithsonian Mise. Col., yo]. 69, No. IO, Washington, 1919.) 

Measurements of sky brightness were made by the 
author in cooperation with officers and nieii of the hnlloon 

school of the Army at Arcadia, Cal., on September 17, 
1918. They may be c.onsitlered n continuation with 
iniproved facilities of the niewurenicnts already dis- 
cussed in the Annals of the Astroph.ysica1 Observatory, 
Voluriie 11. The author’s suinniary follows: 

SUMM ABI-. 

A pyranometer *us mitlet l  below tlie hnske t of a11 

reflecting power of a level cloud surface ~~racticnlly 
filling a henlisphere of solid a.ng1e. Over 100 delerniina- 
tions were macle. The solar air in~sscs ranwed from 3.8 
to  1.3, nncl the sky thove was clouclless an8 very clear. 
A mean d u e  of 7s per cent is obtainecl. No change of 
total refleckion clepending on solar zenith distance is 
npparent within a range of zenith distance from 33’ to 
69“. A value of 43 per cent, for the albedo of the earth 
is ohtnined hy revision of the earlier d u e  of Abbot 
and Fowle (Annals, Vol. 11, 1). 162) which depended on 
a lower value of cloud reflection based on observations 
over but a sninll part of a heniisphere.--lr. H. IC. 

Army obserrntion ha 1 loon was used to nieesure the 

A S  I MPROVEMENT IN THE POLE STAR RECORDER. 

By B. 0. KADEL. 

[Datork Weather Bureau, Washington. .\ pr. 3,1919.1 

An instrument known as the pole star recorder has 
been recently completd in the l’nstaunient Ilivision of 
the Weather Bureau for use at, tlie Wettther Bureau 
observatory at the University of Chicago (see fig. 1). 
The pole star is not at the true north pole of the celestial 
‘sphere, but is about 1)  degrees from it,,, and therefore q l -  
pears to move each day about the true pole in a circ.ular 
pat,h whose diameter is about 34 degrees. If a calliera is 
pointed toward Polaris, and the shutter is opened a.fter 
dark and closed before daylight nest niornina, we ahnll 
find on the sensitized plate or filni n. curved The nincle 
by the light from the pole st.nr, provided the sky about 
the star was clear. When clouds a.re present a11 night 
the plate will be blank, and when the night is one of mry- 
ing cloudiness, a broken curved line will result (see 
figs. 6, 7, and 8). 

It is evident, therefore, that a caniera offers a fairly 
reliable means of recording cloudiness a t  night \\*ithout 
any complicated mechanical parts, dthough the portion 
of the sky about Polaris may not alwa.ys represent the 
condition of the sky as a whole. Prof. E. C. Pickering, of 
Harvard IJniversity, is snid to have been the first to 
eiuploy the device, and Mr. S. P. Fergusson published 
in 1905 a description of a.n improved form. 

Severd gehrs ago Prof. C. F. Marvin designed a clock 
atmtnachment for opening and closinv tlie shutter of the 
camera a t  a predetermined time, ana provided a circular 
metallic disk or dial with time graduations cut through it, 
so that by int.er osing the disk between t.lie sensitized 

scale might be rint.ed photographirally. Orientation 
of the gmduatec? disk was acroniplished each day by 
reference to the almanac, and it was found that tmhe men 
assigned to the work were quite litible tmo error and 
confusion in setting trhe disk. 

The i3llprovement to be described is directed to render- 

plate and daylig fi t. for a fraction of a second, the t.iiiie 

* 
I Fergusson. S. P.: “Tho Automatic Polor Star Li ht  Recordor”. Quart. Joiir Roy. 

IUotmmlogical Sw., 31, 1905, p. 3M-313, and Amer. bfeteorologhl iour., June, l k ,  p. 
62-64. 

ing the oricnt,at,ion of the disk a siniple operation, a.nd 
pnrt.iculti.rl?- tmo making t.he observer inclepenclrn t of tlio 
almanac. The disk (figs. 2 and 3), with the t.ime scale 
engrnved u )on it, as int,endecl to be reproduced upon the 
sensit,izecl hni ,  is h i l t  into n rotating circular brass 
fra.me u ron whose periphery is formed a cogwheel with 
365 teet,i, I one toot.h for each day in the gear. A worm 
wheel t.liat ineshes with t.he :365-toot.hed wheel is turned 
hy iiiea.~is of n sinall tliumb screw attvachecl to a shaft that 
projects within reach of t,he observer (see fig. 2). The 
entire device is built into a friinie modeled aft.er a 
standard hoto aphic. plate holder. 

~ i e n  t fe  ;d?lias been once properly orientecl, it, is 
required merelv to turn the tliunib screw one coniplet,e 
revolution each day bo advance the time scale 1/365th 
of a revolution, and thus bring it int,o proper relation t.0 
thc st.nr trail. The record actually made by Pola.ris in 
sidereal time map then hc read off direcdlg in 1iieH.n s o h  
t.ime of a standard meridian. 

In order that. the obscrver inay be able to make thc 
initial setting without reference to the alnin.nac, there 
has been enuraved on the rotating dial opposite se1ect)ed 
hours the h e  on which Polaris cul~nina.tes a.t t h t .  
part>icular hour (see fig. 3.) When the particular hour 
mark ment,ioncd coincides with nil arrow engraved on the 
nonrot,ci.t.ing part of the device at. the 
ing to upper culmination, the dia 
correct for the clate indicated., 
of accuracy of the instrument. 
HC‘ tiin1 da te desired is 
screw the re uired 

A reniovab P e circular section of clear glass has Eeen sot 
into t.he cent.ra1 portion of the space within the t,ime dial, 
to provide R means of identificat,ion of the record. The 
glass is first smoked, aft,er which the (1at.e is stamped on 
with an uninked rubber stamp, w1iic.h renioves the soot., 
so that the light may shine though. 

The entire time-scale device is inserted between the 
sensitized filni or plate and the lens of the camera in’the 
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FIG. %-Time-scale printing device. 
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FIG. 1.-Pole Star recorder, complete, as installed at a north windm 
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Fro. 6.Sample record. Observer notes as follows: “Cirrus at k++mung, followed by 
altwumulus, chsnging to altmtratus at 2 a. m. 
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FIG. 7.-Sample record. Observer notes as follows: “Cirrus and cirrwtratus, with 
patches of alt&atus.” 

154-3 
FIG. 8.--8ample record. Observer notes as f$lows: Fssemoving cumulus and a l b  

Strs tus .  

[To face p. 154.1 
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daytime (fig. 4), and the shutter opened for a frac.t.ion of a 
second, a.fter which the time-scnle device is wit1idr:iu-n 
(fi .5), leaving t.he camera cienr for the night’s record. 

h e  time to open t,lie shutber after sunset, and the t.ime 
to close it before sunrise in order t,o obtain t,lie nitlsiniuni 
length of record wit,liout fogging the film has been worked 
out as follows: An esnniination of esposures made by 
Mr. -4. J. Weed during preliuiinnrg t.rials of the inst.ru-. 
merit discloses that the films are fogged on full moonlight 
nights. but not to n sufficient esteiit to inipnir the record. 
I t  niuy t.lierefore be considered safe to open the shutter 
‘ust a t  the time twilight is eqiial to lull moonlight,. 
bxsurements niade by Thiessen I show bhat this occurs 
when t4lie sun is approsimat.ely 105 degrees below t.he 
horizon. Using t.lie formulii given in tlie sttine n.rt.icle, the 
t,ime ($Wi nieiiclim time) a t  Chicago when twilight 
is equal to full nioonliglit has been coniput.etl as 
follows: 

1 
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Paluahle suggestions and nssiptance in designing and 
constructin t,he device have been given bv hlessrs. S. P. 
Fergusson, %. N. Covert,, A. J. Weed, ,Julius J. Mtirtin, 
and others of the Instrument Dirision force. 

Working drawings niay be obtained a t  actual cost of 
blue rints by application addressed to Chief of t-he 
Weat P ier Bureau. 

1 Gimbal1 Herbert H The Duration and Intennlty of Twllight. MONTHLY WEATHER 
REVIEW, vhl. 44;Noveiiber, 1916, p. 614-620. 

‘THE DURATION OF MOONLIGHT. 

[Ropdnted from Neteorologiral Office Circular No IS., Nov. 26, 1917, pp. 3-4.1 

Prof. Alesxnder hfc..klio, director of the Blue Hill 
Observatory, has forwarded a specimen of a iiioonliglit 
record obtained :it the ohserratory by inems of o Canip- 
hell-Stokes sunshine-recorcler and a stri of photographic 

rec.orc1 is colored uniformly gray by direct moonlight 
but along the center runs a blwk line, about 1 niillinieter 
wide, which represents the effect of the moonlioht which 
is focussecl 11-y the M I  of the recorder upon t%e mper. 
This line is analogous to the burnt records caused + )y the 
sun, with tlie difference that the moonlight record is pro- 
duced by the short a.c.tinic li lit riiys from tlie nioon, 

sun. This moonlight recorder thus fintls its esact cou~i- 
tei ,art in the Jordan sunshine recorder. 

6ertain precautions will be necessary for the successful 
use of the Csmphell-Stokes instrument as a moonlight 
recorder. 

( 1  ) The nppro1)riat.e groove must be found for the day 
in question from tthe table of nioon’s declination in the 
Nautical A1ninna.c or in IVhituker’s A1nia.na.c. The suni- 
mer groove is to be used when the moon’s dec.lination is 
greater than 9”N., the winter aroove when it is greater 
thnn ~DS. ,  nncl the equinoctiaf groo\-e for intemeiliate 
declinations. As the nioon passes throu h n complete 
cycle in ileclin.zticm oncc in a lunar niont B 1, whereas the 
sun passes through its c.ycle once a year, changes of tlie 
nioon’s cleclinntion n.re very rapid, and care will be re- 
quired to chnnge the groore when necessary. The range 
uf the moon’s declinhon is somewhat great,er than that 
of the sun, but t,lie ordinary sunsli.ine recorder u-ould 
probably just serre to obtain a coniplet~e set of moonlight 
records. 

c2) The sensitive paper must be inserted not earlier 
t h n  an hour after sunset nnd renioved not Inter tlittn an 
hour before sunrise ; otherwise it will be completely fogged 
by daylight. 

( 3 )  The meridian position of tlie record niny be incli- 
cated on the paper before it is renioved from the roove 
by making a 1)ric.k opposite the “noon ” ninrk of t 4 ie re- 
corder. The time c.orresponding with this mark is the 
“Hour of iiioon’s southing,” and is given in the M. 0. 
Calendar. 

(4) The time scale of the nioonlight recorder is a shade 
less open than that of the sun recorder, owing to the 
nioonJs niot,ion in right ascension. If the length of the 
trace is measured on the sc,ale lrovided for sunshine, the 

to t’he ineiisurenient. 
The .observer who is interested in astronomy and the 

t1ieor.y of the sunshine recorder will find in the use of his 
instiuruent as a moonlight recorder a very interesting 
and instructive esercise. If the recorder were used es- 
elusively for moonlight recording the ea.rly rising entailed 
in summer by the necessity of removing the nioonlight 
re.cord before daybreak could be avoided by arranging 
for a suitihle light-tight drop cover to be released at a 
pre-determined hour through the agency of an alarrn clock. 

gaslight develo ling pa )er cut to fit t g e grooye of the 
recorder suital, \ h  e for t e occasion. The whole of the 

, 

while the sun record is due to t f ie long hea.t rays from t.he 

duration of moonlight inxy be 1 ound by adding 3 per cent 


